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1 Introduction
Immediately after birth, the newborn is able to
react to cold stress by an increase in thermogen-
esis measured via his uptake of oxygen ( = Ü2-
consumption, VO?) [5]. This reaction essentially
results from the activation of non-shivering
thermogenesis (NST). The brown adipose tissue
(BAT) is supposed to be the site of NST. In the
newborn, the thermoregulatory system reacts
in a much more sensitive way than in the adult,
and it is a sensitive indicator of any distur-
bances of energy metabolism. This paper has
been written in an attempt to study, by contin-
uous measurement of both VOa and rectal tem-
perature (RT) immediately after birth if ther-
moregulatory processes are different in healthy
and resuscitated neonates.
2 Method
The continuous measurement of VO2 and RT
was carried out within the first 140 minutes
following delivery and during 30 minutes the
following four days of life. The method by
which VO2 and RT were measured, has already
been described [6, 11]. In 31 mature newborns,
both blood gas analyses and Apgar scores were
within the normal range. Thirteen mature neo-
nates had to be temporarily supplied with oxy-
gen after birth because they showed pathologi-
cal blood gas values together with Apgar scores
below 7.
3 Results
In the healthy newborns, the VO2 used to con-
tinuously decrease from the beginning of exami-
nation until the 105th minute. Subsequently,
the VO2 value ranged between 4.60 and 4.85
ml/kg · min (standard metabolic rate). The VO2
measured between the second and the fifth day
of life differed but insignificantly from the VO2
determined within the 120th to 140th minute
after birth. The resuscitated newborns had an
increasing VO2 until the 30th minute, when a
drop was observed. Until the 130th postnatal
minute, a clear distinction could be made be-
tween the group mean values of VCh of healthy
and resuscitated neonate respectively. Subse-
quently, there was an overlap in the range of
measuring error which continued over the
following four days after birth (figures 1 and
2).
The graphic representation of the range of mea-
surement error for RT showed that a clear
distinction between the curves of group mean
values of healthy and resuscitated children
could not be made at all times. An overlap was
observed both at the beginning of measurement
at 15 minutes and again from the 75th minute
onwards (figure 3). In the healthy children exa-
mined there was a negative correlation, r =
-3.85, between RT (y) and VO2 (x). The equa-
tion of the common regression straight line
reads as follows: y = 37.59 — 0.16 ml O2. The
individual straight line regression curves had
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Figure 1. Y 2 in 31 healthy (o) and 13 resuscitated (Δ) newborns during the first 140 postnatal minutes; χ + s*.
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Figure 2. VO2 in 31 healthy (o) and 13 resuscitated (Δ) newborns during the first five days; χ ± s*.
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Figure 3. RT in 31 healthy (o) and 13 resuscitated (Δ) newborns; χ ± s*.
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Figure 4. Regression VO2-RT in 31 healthy newborns during the first 135 postnatal minutes.
different gradients at the individual· times of
measurement. A cubic function was calculated
as the optimum significant curve adaptation
(figure 4). In the presence of a low VO2 round
about 4.6 ml/kg · min, RT of approx. 37 °C
was measured. These conditions were observed
towards the end of the study. At the beginning
of measurement, an YCh of approx. 6.8 ml/kg
• min correspondend to RT of approx. 36.3 °C.
A high YCh in the presence of a low RT used
to indicate that thermoregulation was intact.
The statistical check of the relationship between
ΫΟ2 and RT in the resuscitated newborns gave
as a results a negative correlation with the com-
mon equation of regression, y = 37.70 — 0.25
ml O2, and the coefficient of correlation, r =
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Figure 5. Regression VO2-RT in 13 resuscitated newborns during the first 135 postnatal minutes.
—0.488. The individual straight regression lines
had a different gradient at the individual times
of measurement. The linear function presented
the optimum adaptation to the given conditions
(figure 5).
4 Discussion
Both in previous studies [10] and in the present
one (figure 1), we have been able to demonstra-
te that immediately after birth the oxygen upta-
ke of healthy newborns initially is high, where-
upon it will decrease over the observation pe-
riod. According to the literature [3, 4] the cour-
se may be interpreted as follows: a thermoregu-
latory increase in VÜ2 has set in as a result of
the cold stress during birth (RT of approx.
36.2 °C). In the course of the investigation a rise
in temperature will take place (RT of approx.
37.0 °C), and the thermoregulatory process will
fade away. The VCh therewith approaches the
minimum value (standard metabolic rate). The
measured from the 110th minute on (4.85
— 4.60 ml/kg · min) is within the range of the
value detailed in literature as to be applicable
to healthy neonate [1,5]. Owing to the manipu-
lation associated with resuscitation the resusci-
tated newborns were additionally cooled in a
thorough way after birth. Furthermore, they
were temporarily exposed to oxygen deficiency,
which had to be controlled by the resuscitative
measures. Both hypoxia and a prolonged cold
exposure resulted in a decreased YOi. If one
assumes that cold exposure will lead to an in-
crease in 2, the question arises as to how
this thermogenetic process — NST — may be
impaired by hypoxia? This reduction of VÜ2
might be due to an insufficient perfusion of
the BAT as well as to a redistribution of the
circulating blood volume. Since the activity of
the BAT is dependent on oxygen supply, hy-
poxia might be regarded as the limiting factor.
This assumption has been confirmed by animal
experiments [2]. Hence, shifts of the circulating
fetal blood volume will occur under hypoxia so
that the oxygen supply of the vital organs will
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be guaranteed [8]. It may be assumed that the
severely impaired blood flow to peripheral tis-
sues will lead to an impairment of the aerobic
metabolism in the BAT with its thermoregulato-
ry activity, and thus will results in a low YOz.
Circulatory disturbances of the skin will affect
the cutaneous thermoreceptors which are res-
ponsible for the induction of the regulatory
increase in thermogenesis [3], The deficient
thermoregulatory increase in VO2 also may re-
sult from central disturbances associated with a
reduction of the threshold temperature required
for the induction of metabolic defence reac-
tions. It is known that hypercapnia may provo-
ke such a reduction of the threshold temperatu-
re [9].
In the presence of an unchanging metabolic rate,
the RT of newborns will fall more with a lower
environmental temperature [7]. In the presence
of equal environmental temperatures, the rectal
temperatures of the healthy children differed
from those of the resuscitated neonates. This is
clear evidence of the fact that thermoregulatory
processes may be impaired by difficult childbirth
[3]. If healthy children are compared to resuscita-
ted ones with regard to their relationship be-
tween VO2 and RT (figures 4 and 5), a striking
inhibition of thermoregulation will be observed
in the resuscitated newborns, particularly at the
beginning of measurement (healthy newborns:
approx. 6.8 ml/kg · min; resuscitated newborns:
approx. 5.2 ml/kg · min). Towards the end of the
study, the VO and RT values of either group were
more and more approximating to each other.
It was noticeable that the Vdh exceeded 7.0 ml/
kg · min in one child. It was within this very
range that the healthy children had exhibited
an intact thermoregulation by their high VO2.
The adaptation of the newborn to extrauterine
life may be continuously monitored by measu-
rement of the VOi, a simple technique and
consequently an easily applicable one in clinic
practice. Deviations from the minimum VOz
during the adaptatic phase immediately after
birth will indicate any metabolic stress in a
rapid and sensitive way.
Summary
Oxygen consumption (VOi) is a sensitive and reliable
indicator of any disturbances of thermoregulatory adap-
tation in the newborn. This study has been carried out
in a attempt to find out, if there is any difference between
the thermoregulatory processes of healthy and resusci-
tated neonates. To this end, both VO2 and rectal temper-
ature (RT) were continuously measured in 31 healthy
and 13 resuscitated neonates respectively, within the first
140 postnatal minutes and during 30 minutes from the
second until the fifth day of their lives.
In the healthy neonates, the VO2 used to decrease over
the study period (figure 1). The high initial VO2 observed
postnatally is due to mechanisms of thermoregulation
beginning immediately after delivery as soon as the
newborn child is exposed to chilly environmental tem-
peratures. The brown adipose tissue (BAT) is supposed
to be the essential site of non-shivering thermogenesis
(NST). The thermogenetic function of this tissue may
be shown by local measuring of temperature.
In the resuscitated neonates, VO2 was lower than in
the healthy children (figure 1). Hypoxia results in an
ineffective capillary blood supply of the BAT owing to
a redistribution of circulating blood volume, thus lead-
ing to a disturbance of thermoregulation. Since the activ-
ity of the BAT is dependent on oxygen supply hypoxia
might be regarded as the limiting factor.
In the presence of an isothermal environment, the RT
measured in the healthy children differed from those
determined in the resuscitated neonates (figure 2). This
clearly shows that thermoregulatory processes may be
impaired by a difficult birth.
By means of the present investigation, the minimum
ΫΟ2 (standard metabolic rate) in the first adaptation
period following birth has now been established, and
any deviations may be evaluated as to their diagnostic
relevance. Thus, continuous measuring of the VO2 may
be of effective use to the control of the adaptation of
the newborn to the new environment he is exposed to
after birth. The measuring method is non-invasive; its
clinical application is simple and completely safe for the
newborn.
Keywords: Neonatal adaptation, newborn, oxygen consumption (VCh), rectal temperature (RT), surveillance,
thermoregulation.
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Zusammenfassung
Thermoregulation bei gesunden und reanimierten Neuge-
borenen unmittelbar nach der Geburt
Der Sauerstoffverbrauch (VOi) zeigt Störungen der ther-
moregulatorischen Adaptation des Neugeborenen emp-
findlich und zuverlässig an. Hier soll untersucht werden,
ob sich thermoregulatorische Stellvorgänge bei gesunden
und reanimierten Neugeborenen unterscheiden. Aus die-
sem Grund wurden bei 31 gesunden und 13 reanimierten
Neugeborenen in den ersten 140 Minuten nach der Ge-
burt und in den ersten 4 Lebenstagen jeweils 30 Minuten
kontinuierlich der VOi und die Rektaltemperatur (RT)
gemessen.
Bei den gesunden Neugeborenen fiel der VOi über den
Untersuchungszeitraum ab (Abb. 1). Für den anfanglich
hohen VOa nach der Geburt sind Thermoregulationsme-
chanismen verantwortlich, die sofort nach der Geburt
einsetzen, wenn das Neugeborene in eine kühle Umge-
bung kommt. Als wesentlicher Ort der zitterfreien Ther-
mogenese (NST) gilt das braune Fettgewebe (BAT). Die
thermogenetische Funktion dieses Gewebes läßt sich
durch lokale Temperaturmessung veranschaulichen.
Beim reanimierten Neugeborenen war der VOaniedriger
als bei den gesunden Kindern (Abb. 1). Unter Hypoxie
• r
kommt es zu einer ineffektiven Kapillardurchblutung
des BAT durch eine Neuverteilung des zirkulierenden
Blutvolumens und dadurch zu einer Störung der Ther-
moregulation. Da die Aktivität des BAT abhängig ist
von der Ch-Zufuhr, könnte man in der Hypoxie den
limitierenden Faktor sehen. Bei gleichen Umge-
bungstemperaturen unterschied sich die RT bei den un-
tersuchten gesunden und reanimierten Kindern (Abb. 2).
Dies zeigt deutlich, daß durch eine schwierige Geburt
thermoregulatorische Vorgänge gestört werden können.
Zwischen VOi und RT fand sich eine negative Korrela-
tion bei gesunden und reanimierten Neugeborenen (Abb.
3 u. 4).
Durch die vorliegenden Untersuchungen liegt jetzt der
minimale VCh (standard metabolic rate) in der ersten
Adaptationsphase nach der Geburt fest, und Abwei-
chungen können in ihrer diagnostischen Aussagekraft
beurteilt werden. So kann die kontinuierliche Messung
des VO2 gut zur Überwachung der Adaptation des
Neugeborenen an die neue Umwelt nach der Geburt
eingesetzt werden. Die Meßmethode ist unblutig, kli-
nisch einfach anzuwenden und für das Neugeborene
vollkommen ungefährlich.
Schlüsselwörter: Neonatale Adaptation, Neugeborenes, Rektaltemperatur, Sauerstoffverbrauch, Thermoregula-
tion, Überwachung.
Resume
Regulation thermique immediatement apres la naissance
chez les nouveaux-nes en bonne sante et reanimes
La consommation d'oxygene (VOi) est un indicateur
sensible et fiable de toute perturbation de l'adaptation
thermoregulatoire du nouveau-ne. On a effectue cette
etude dans le but de trouver s'il y a une difference entre
le processus de thermoregulation chez le nouveau-ne en
bonne sante et chez les nouveaux-nes reanimes. Pour
cela on a mesure en continu la VOa et la temperature
rectal (RT) chez 31 nouveaux-nes en bonne sante et chez
13 reanimes, au cours des 140 premieres minutes post-
natales et pendant des periodes de 30 minutes ä partir
du second jour jusqu'au cinquieme jour de vie.
Chez les nouveaux-nes en bonne sante, la VOi diminue
au cours de la periode etudiee (figure 1). La VOi initial
elevee que observe en postnatal est secondaire aux
mecanismes de thermoregulation qui commencent im-
mediatement apres l'accouchement, des que le nouveau-
ne est expose aux temperatures fraiches de Fenvironne-
ment. Le tissu adipeux brun (BAT) est le site essentiel de
la thermogenese sans frissons (NST). On peut montrer la
fonction de thermogene de ce tissu par la mesure locale
de la temperature.
Chez les nouveaux-nes reanimes la VO^ est plus basse
que chez les enfants en bonne sante (figure 1). L'hypoxie
aboutit ä une suppleartce capillaire sanguine ineffective
du BAT due ä une redistribution du volume sanguin
circulatoire, ce qui conduit ä un trouble de la thermore-
gulation. L'hypoxie peut etre consideree comme le fac-
teur limitant puisque Factivite du BAT depend de son
arrivage en oxygene.
Dans un environnement isothermique, la RT mesuree
chez les nouveaux-nes en bonne sante differe de celle
qui est mesuree chez les nouveaux-nes reanimes
(figure 2). Cela montre clairement que les processus de
thermoregulation peuvent etre diminues par une nais-
sance difficile.
Au moyen de ces investigations, la VOa minimale (taux
metabolique standard) au cours de la periode de la
premiere adaptation qui suit la naissancs ,a ete etablie,
et on peut evaluer les variations ainsi que les diagnostics
en cause. Ainsi, la mesure continue de la VOi peut etre
utilisee avec efficacite pour contröler l'adaptation du
nouveau-ne au nouvel environnement auquel il est expo-
se apres la naissance. Cette methode de mesure n'est
pas invasive; son application clinique est simple et sans
danger pour le nouveau-ne.
Mots-cles: Adaptation neonatale, consommation d'oxygene (VU2), nouveau-ne, surveillance, temperature rectale
(RT), thermoregulation.
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